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NATIONAL ADVISORY COMI'ITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
CAlr Ketericl Cdmmand, U.S. Army Air Forccs _
LOEGITUDiNﬂQ CHARACTERISTICS AND ATLERON EFFECTIVENESS
| OF A WIDJING ATRPLANE FRO:: HIGH-SPEED |
HIND-TUNIEL TESTS

By Charles 7. Hell and Robert L. Ilennes

Wind-tunncl tcets of a 0.175-scelc model of a midwing
airnlenc were made in order to determing 1ts n;;h—"bobu 70ngi_
tudinal characteristics, to tcst dovices for inproving the
longitudinael control ot high lsch numbore, ond to determine
the aileron cffcctiveness at high Moach numbers,

force and moment coefficients computcd from thc test
“rcsontod in this roodort. The control forcecs, cole~-
¢, ond eileron cngle for scvoral flight conditions
cted. Tho maximum speod and Hach number attaincd at
l ding 2nzles arc ostimeted.
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iiente thet, with rcepect to clevator-cngle
vari:tio with sw-*d, the eirplenc will become unstable at
approximrtely 0.7 #och quﬂbor Two devices for improving the
longitudinel control — n wing-profilc modification and auxil-
iary control flops - increase the Moch number at which th*s
instebility occurs. The former deviee increoses 1% by a

much as 0.075 end the latter by 0.05. Howcver, beeousce the
cffeoctivences of the flops deercascs betwedn O 75 ond Q.

Mech numbcr, thoir over-:-ll characteristics arc less fﬁvorcblo
than thosc of the wing-profile modification.

INTRODUCTION

, A% the reoucst of tho Air Iﬂtcrlol uoqmcna, U.S. Army
Alr Forces, ftosts of o 0.175-scalc modcl of a midwing air-
planc were "conductod in the Anos 16-foot hi gh spced wind
tunncl.



The purpose of these tests wos to determine the effect of
¥Yoch number on the aerodynamic characteristics of the airplan
ond to find methods of increasing the longitudinal control at
high Moch numbers. The erodvqemic characteristics investi-
gated were the 1ift, drag, ané pitching-moment coefficicnts;
the effectiveness of the elevator, the eclevator teb, and the
aileron; and the hinge-moment coef”icients for the elevator
and the aileron. Two methods to increase the longitudinal
control at high Mach numbers woere tested. They were auxil-
iary control flaps, and a wing-profile modification designed
to lower the criti cal ¥och number of the inboard lower
surface of the wing to thot of the upper surface at 0.1 1ift
coefficicnt.

DESCRIPTICH OF i{ODEL

The 0,175-scalec model was supilied by the manufeacturer,
The stecl wing, fuselage, and cmpennage structures were
covered with mphOUﬂny The elcvet end aileron were solld
durel, A4 dunmy tail feiring was sunwlleo for tail-off tests.

The elevator hinge moment was measured by an electric
resistence strain gage mounted on a cantilever arm. A smoll
electric motor and a slide-wirc resistor coupled to the ele-

vator mechanism proviéed remote control and indication of the

elevator angle. HMeosurement of the aileron hinge moment was
ty means of a torsional strain gege. It was neccessary to set
the aileron at the desircd an~1o before each test. Both
gages were calibrated, before tostlng, by applying Enown
moments to the cont ol surfaces

Photo*ruohs of the model mounted in the 16-foot wind
tunnel are shown in figures 1 to 5, and a drawing of the model
is shown in figure 6. :

The chord and spen of the auxiliary control flaps (fi”. 5)
were 1 inch and 12 1nches (model scele), respectively. The
hinge linc was at 62.5 percent of the mlng chord beétween wing
stetiong 20 inches nnﬂ 32 inenhos from the center line The
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flaps were tcsted at ancgles of 30° and U450,

The wing-profile modification (subsequently called the
wing bump) is shown in figure 7. As the bump was only O. 0650
inch thick, it was made of balsewood, glued to the wing
surface, and contoured from tcmplotos furnished by the manu-
facturer,
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liodel
follovws:

and eirnlenc

Arca, scuere foot . . . . e .
Agncet rotio . . . e e .
Hcan ccorodynnmic chor é feet .
Horizontel t~il plaone
Arce, sguere fcet o . . . . . .
Digtence botnbcq acrodynomic con
of tril plenc and normal airple
center of grevity oL . . .
Elcvator
Chord aft of hinge line, mcrcont
total teil-nlianc chord . . .
Geometric overheng, perceont . .
Sprn, one clevetor, foet . . .
Qoot—wocn—sauﬁrc cnord behind

line, feet . . . . . . . . . .
Ratio of etick force to CWO tor
hinge moment, pounds Her und—
foot .+ . . . . . . .. e
Alleron
Chord aft of hinge 1linc, percent
’ of total wing chord . . . . . .
Geoometric OVC?HFHU pereent .. .
Span, onc il ron, feet . o . . .
Poot—mc SN-gouarc chﬂrc bchind
hinge l-xu, feot o o0 0 0.
Rﬂflo of wheoel moment to sileron
hinge moment . . . . . . . . .
Whaecl diomcter, inches . . . . .
Gcneral
Hormel gross weight, pounds RN
Normal wing loading, pounds »ner
saunare oot v e e e e e
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his ronort are as

Hodcl Alrvnlanc
16.599 55,6
g.96 2.96
1.498 5.56
L, 27 132.3

22.0
11.56
1.18

0.119
13



]

e

(ZQ

vah

'r T

LN

Model Alirplone
el center—-of-grevity 2osition
izontal, mercent ncan
orodynﬂmic chiord . . . . . . . mm——— 25
tilcal, inches above fuscloge
referonce line o . 0 . . . . . . emme— 7.C0

=

snan of cont

TOCT-mian~-am

gsurface x

sngle of ottt
The anglce
refercnce
engle of
Tho angle
cdge of su

vclocity of
velocity of

Moch number

uscd in this rceport arc as

ecot

rol surfnce z, focot
unre chord behind hinge line of control
, fceg
ek of model, degrees
‘g mcasurcd rclnt ve to fusclege
..L_._n'\.- °
rol surfoce x, dcgrecs
is congicored posltive whon trolling
rfece is dowm.
mel acecclorcation, in units of grevi-
ccoleration
rirplone, miles por hour
cirplonc, foct npor sccond
sound in undisturbed nir, fcet por second

(B/2)

criticnl Mrch number

The liach n
locelly on

umber ot vh

ich speed of sound is rcached
the sirplenc,




ke

0

P

cr

'3
=

AP

1-\'b /'_7\

Wl
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Subscrints
C clevator
t tab
a aileron

REDUCTIOCY OF DATA
Corrections

The forces, moments, and uressurcs were converted to
ocfficient form by use of tho ecustions given in the list of
symbols. To these cocfficients were added the following
corrcotions for tunnel-wall effects (refevence 1):

D
ON

D =~.6i"5-CL

C

ACp = 0.01167 Cg,
40, = 0.00546 Cr,

The tarc corrections to the coefficiecnts and the angle
of attack were evaluatcd by mounting the model on w1no—t¢p
sunnorts and colculsating the difforcnces betweon the sero-
dynemic charscteristice obteined from tosts with the threc
vertical struts in nlacc and with thom removed. These diffor
enecs were measurcd abt a constant 1ift coefficient. Two
streamline tic rods (fig. U) were attoched to the model %o
reduce its doflection when wing tip sunported. The dota indi-
Crtb, however, that these tic rod ““ouucud an 1nt0“ crence

Graz, causing the tore-dreg incronse —~ normally o ciated
with the oritical Ilach nu t”uus - to occur 2% a
considerably lowcer n reg teres werc there-
fore determined by ﬂdding to the draz of the struts alonec a
component caused by the upflow angle of the air. This method
does nect include tﬂu interfercnce drag between the struts

oend the model.
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Dyncmic-Pressure and Hach Number Calibration
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supnorting struts removed from
tare t“sts in wnick the model
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itretion uscd during tno tests was obtained Dy

a0l gurvelr in a plane 2€ nadicular to the longitu—
3. < - KE. - - . - 2 A
dina T the wunnel at a 1o- lingd pogition which
coin th the Zh-percent pol of the nean secrodyncmilc
chord o: nodel when in the tunnel, As the vertical struts
ere 1n the uU nel, this method of coclibration corrects for
{ 23 oL, uiidlBS LU Ll ~ 33 o
the coastriciing eiffect of the supz oru¢3g grestem, A
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Tho elevator gtick forces for wrectilinenr flight were

conputed in the following manner: At o 1ift ien%g
c~ cw19tei from the selected ving loading, al d linch

O levator o Lolonce wag de g the

tie cff¢ ek 1 201 G

S e ang A Al 11
UlLLCTC”t Goth 1c S

t 1

‘_.
O m

rectify
guchh o

Voo

‘('_)c‘i'

G, a coxry eobwo
nrner Feta) lJ t.\.'

mocel, at the corrccted e as
the toll of the o2irnla The chonge in 4o nowith

toat 2t
: 0

T
%
fricient, neclded to mnic
r

1ift coe thic correcticn, g IDOLOXN-
imated from resulis in refevcnce 2. The stick fore
commuted using the c-rmoment cocofficient corresvnonding to

the .elevator angle end corrccted 11ft coeificient.

puting the stick forcc for curvet fliight, o correcsy the
ole“uUr angle becouse of the Gomping moment of fthe
(refercnce 3) and ~ corrcotion to the 1ift coefficicnt because
of the change in the angle of flow ot tue tall were @

The stick force for clevator brleonce orens other than
Thnt cren tosbtoeld on the modcel oo Ccomdy tou. The baloneo—
presoure Cata vere uged to crleulaote t;c increment of hinge—
monent cocfficient canused by thiie inerecose in the balonce
srea and noment arm,

tionsg other thon the nornal

¢ oreviously determined clovator
e witchiing-monment changeg duc
¢ hinge-moment coeificicnt
clevotor angle wag used,
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Glici locity

The v frloo*LV, liach number, and time vo descend in
relecion te the angic of glidc were computed by a stop-bry-
step process using the droag date.

Ailecron Wlgel Forcos

The whecol force for ailoron control was cslculated in
the following manner: relati betwesn the wing-tip helix
angle pb/2V  and the ing nont cocfficicnt was found
from caustion (5) and roferonce 4, The helix
angie computed in this cduced 20 npercent as rccon-
mended in referencoe 5 : rolation, the change in the
angle of attack of th ¢ function of rolling-momecnt
cocfficient was detor orrections were apnlicd to the

anglc of atitock, at t ced flight condition, and tho

CO”“CSUOﬂdlﬂg rolling—-moment coefficient bececause of this

snzle-of-atteck change. The hiinge-moment cocfficient was

determincd from the dota for the corrected angle of attoci.
RESULTS AND DISCOUBEION

The cirplonc has on csbine centeor—-of-gravity travel
from 20 to 35 pereccont of the serodynamic chord, =nd a
wolrht veristion from 21,500 ,000 pounds. The data in
this report, in general, arc for tho center of gravity
at 25 UuPCLnt of the moon acr mic chord and for a wolght
of 25,000 pounds.

Thc geometric overhang on tne model clovator was Lo.5
perecnt of the elevator chord aft of the hinge line, while
thet reauired by the sirplanc clevator is ecstimated by thc

renufacturcr to be U5 porcent. Unless othoerwisc stated, the
stick forces prescented in thie report arc for a QCOﬂbbrlC
ovirhang of U0.5 percent.

The goometric overhang for the silcron is ULC and U3
pereent of the ailceron chord oft of the hinge linc on the
modcl and eirplence, respectively. Uheel forees arc shown for
& LO-percent overhang only.




Axcept when noted otheerse or when the control anzle
is one of the variables, the datz for the figures have been
obtained firom tests of Hn molel vith a1l con*rols set at CC,.

Pitching-loment Characteristics

1%01,.- A1 hip between 1I%Cr and

e ol i 1, an
wing loading, normal acceleraticn, altitude is sghown both
grephically and algebraicnlly Tig &, The equation Tor
1i2C1, shove it to be independent of csneeld and to remain constant
Tor any selectel wing losding, normzl acceleration, and
eltitude, assuning the air temperaturc does not change. (The
velocity of sound o ig ¢ funciion of termerature only, )
Because of these facts, the cuontity 180, hes been used =g
& parameter in iresentlng the piltching-moment coefficient as
& Tunction of Ilach number

In figure §, the 1ift coefTicient and llach number are

a

crmine the maximun

shown for constant HECL velues, In addition, the noxinmum
1ift coefficient obtained from seste of the model with tiic
enpennage off i1s shown, thus indicating the naximun II*Cr, volue

poso.ole Tor the airplane, Tests L
1ift coefficient werc made wita tie oms
Hovever, because t‘b “1tc“1nq—momcnu C
ron _1f cocfficients with the e:n
(fig, 10), thereby closelr appr
these Gate viere used,
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Pitching-moment cocfficicut omaenﬂafe on and off,- The
Dltchlnfr—nomenu coeif'icients Tor model with the empennage
renoved are shovn in I¢;J“C 10, end +7ith the empennage on, in
Figure 11. The effect of iach nwibncy on the bt ck~fixed ctatlc
10ﬂ91taa"n11 stobility is prosented in figure 12, Figure 12(a)
was obtained by cross —nloztinf the Gata in figure 11, The
slopes of the curves in figurce 11, at the 117 coecfficlen
corresponding to the sclected I20; veolues, were vlotted in
Tigure 12(b),

Figure 12(b) gives the usual doerivetive associated writh
stetic SbabllltV It is seon that bolow on ESCL of G,30,

Tiiis derivative is "1.ost trice 2o lorge at 0.8 lach nuabor as
2t the lover iloch nbdo rs., This indicates a doubling of %he
8tability. It must be remembercd, however, that this derivotive
wag ovtained by COﬁs idering the lisch aumber constont,



A etability derivative in which the Mach number is held
constnt doce not completcly rcepresent flight conditions, for
in flight o changc of 1ift cocfficient usually causes o
chengce of sneed and iach number. Therefore, in prescnting
static stabiiity characteristics, the cffcect of Mach number
&8 well es of 1ift, on the »Hitching-moment cocfficicnt should
be included. T?ls

8 bm”CClal;j true at high Mach numbcrs,
for the pitching-moment coefficient is morc affected by Mach
number than by 1ift variations, The combined cffeets of Mach

number and 1ift varintione on the Q*tCQLRM-WO“Oﬂ' coefficient
arc indicated in fizure 12(s). A positive slope of the curves
indicates that o climbing momcnt results for an increasc of
Meoh number and corros»ponding deccrcese of 1iftv coefficient.
The climbing moment tends to increase the 1ift coefficient,

il

-
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decrease the ach nurber, snd ro 1rn uhC ulrplqu to its
original flight 00h01g10n, thus providi stick-firved steatic
lonf tudinal stability. Con“cvﬁelr fa) npwq'wve glope indi-
ates an unstablc conditlon.

The slounces of the curves in figure 12(a) are releted to
the constont linch number stability derivetive (fig. 12(b))
the following ecuation, the derivation of which appears in
tiae apohendix:
(dcm = /émei . 4+ wving loading <“6cm
S \ Mo/ =) M3 Y
\C'I.L ,'..\,EQCL’SO \No M CL:SO pa~ M oCy, ¥,8e

Subsequent discussions of stability in this report will rcfer
to the left-hand member of the equation.

Tt will be noticcd that the derivetive (—aGm/écl)M,se

is t“u orcdominant factor influcncing statlc stability ot low
Mnch nuanbers boeausce of the factor l/If3 in the last term.

'.T ' LY

un incrcasing Mach number its influence diminishes. This

faht is shown by a comparison of figures 12(a) end 12(b). At
high Mach numbers when (-oC Cin/ /3CL)y &, hes its greoatost
value, figure 12(a) indicato 5 sticiklfixed lon gitudlncl insta~
bility. The ccuation =lso Qhwwq thet en increasc of wing
lo~ding or altitude increnscs the stebility, assuming other

factors to remein constrnt. In ndditlion, “SSUUln” the ele—
vetor effecctiveness remeins constont, (< m/dhivecL’ge 18
closely rcleated to the veoristion of elevator angle with speed.
This veriction is commonly uscd in the anclysis of flight-test
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results as an indication of stick-fixed static stability.

The dseta of figure 12(a) indicate instability above O, 7
Ilfach number between 0,025 and 0.10 I2%Cp. Thesc data are
for the center of gravity =t 25 percent of the mean aerody-
namic chord. A rearverd movement of the center of gravity,
by reducing (-Cp/OCL):r s, would increase the stabic 1nsta—

bility and reduce the THéﬁ number at which the airplane
becomes unstable.

Figure 12(0 shows that below O.7. llach number
(- Oun/éCT) 8§~ 1s positive for »ll center-of-gravity positions

back to LO peFcent: of the mean aerodynmmic chord. Also
figurc 11 indicates that below 0.7 lach number (ach/éhicL 5o

is cither positive or just slightly negative for 1ift coef-
ficients below the stell. Static St?“lllty 1s therefore
assured at the lower Mach numbers even with the center of
grovity “t the estimated farthest aft location.

The piteching-moment coefficient contributed by the hori-
zontal tail with the elevetor fixed (fig. 13) un oercoes o
large decreasc for constont 1ift coefficient at hlgn Mach
nunbers. This chhrnct ristic is the foctor contributing most
to static instability. It is caused by the increasc in the
angle of attack of the airplanc nccessery to maintain a
constant 1ift cocfficient ot supcreritical Mach numbers.

This angle-of-nttack incrcasc reduces the download on the
tail, end thercforc the pitehing-moment coefficient. (Sac
rofcronco 6 for o further snalysis of high-specd long ;tuélnal
instability. )

The pitching-moment coefficient of the wing-fuselag
combinetion increases with Mach number above 1ift coef-
ficicnts from 0.7 to 0.05 nt 0.65 and 0.75 Mach number,
respeectively {(fiz. 10). This rcduces the ccst(bwlizing
cffecet of the hoilzontul teil,  The nressurc-distribution
results indicatce that the compirression shocl on the upper sur-

see of the wing moves forvward with incrcesing llach number
and angle of attocg, which may =ccount for thc increas¢ of
pPitching moment. Also, thc woali-pressure cocfrficient on the
lower su~f80u deerea uS groa 1y and moves from the MO-percent-
chord position at low Hach numbcrs to at least the 60-w ercont-—
chord position ot 0.8 Hech number. (Pressurc-distribution
measurements wore teken over only the forwerd 50 wmercent of
the chord.)
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Pitching-moment coefficient from elevator.- The elevator
Eife ulvopﬁqs for the mofel (fig, L1L) incrcascs slightly with
-ch NURRer up o 0.775 at an EZCL of zero, and up to 0.7
en uL of 0.30. Below O.] Hoch number, the effectiveness
50 incrcnscs slichtly with #¥°Cp. The decrease in the
feetivencss ot high ilach numbers agzrovates the undesireble
ltrol charncteristics caused by the decreasc in the eloevator-
ixed pitching—moment coefficient (fiz. 12(a)).

D
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=5 0
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The offeet of the tab on the pitching-moment cocfficicnt
1s also shown in f'lffu”“,llL Being of such smell megnitude,
the verirtion with ®2C;, is indiscernible., It must be remom-
bercd thet normrlly the tab will preduce o pitching-moment
cocfficicent in opposition wo thet of the clevetor, thus
reducing the clevator offectivences shown.

(’11

Pitching-moment cocfficient duc to the wing bump.- The
purposc of the wing bump is To incrcese the Hach numboer at
which the airplone boeomes longitudinelly unstable (fig. 12(a)).
A further purpose is to alleviatc thic deercnsc in the elevator—
Tized pitching-moment cocfficiont ot high Ilach numbers. This
will reduce the upward clcvator anglc and the pull on the

P

stick recguircd to meintein brlencce with increcsing Mach number.

The bump wes desiconed to reducc the critieanl lizch number
nboard lower surfocc of thr wing to that of the upper
.t o 1ift cocofficicent of 0.10. It wos reasoncd

¢ 7) thrt the bump would dccrersl the effect of com-
¥ ity on the 1lift of the centcr portion of the wing
svan anc incrcase the dovnwesh ot the tnil. This would
reducc the ancle of attack of the teil and incrcase the
Ultcnwnrbnowcnb cocfficicnt ot supcreriticel lecli numbers.
The naxinum thicknecss of the o1rn weos ot the KO-percent—-chord
station. Reference 7 shows thet o bumn »loc J

locotion had the greatest effect in rcli
stobllity difficultics ot nigh IHoch numb
low-wing model,

’.JQ

on thoe

g longitudinal-
for a twin-bocm

A comperison of the pitchins-moment cocfficicnts obtoined
fror tecsts of the model with ond without the bump is shown in
Tigure 15, The cffect ¢f the bump ot and below 0.7 lMach
number was ncegligible, Above 0.7 lech number, however, the
bump increascd the »itching-moment COp'rlClonb. The bunp,
therefore, inereased  (O0m/oH)cp ,5c 1in the stability cquotion,
and thus thic stick-Tixed static ot bility. Figurc 15 shows

Te
o)

)l-—’(')
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thet the bump mokes the model stable for a Moch number as
much as 0.075 higher. Thoe eoffect of thce bump on the 1lift

. cnd pitching-moment cocfficicents with the tril off was negli-
gible.

For thc bump teste, it will bc noticed that the data arc
comparcd at ~n clevator ansle of -1°. During the latter
part of thc tests, considerable difficulty wes cncountered
with the clevator control nmechanism. At theo conclusion of
the wing-bump test the clevator angle wes mecasurcd and found
to he =19, The possibility of the angle having changed
during thc test sccome remote in light of the fact that at the
lowor Mach numbers, thc date compare so well with those
obtained for thce normal configuration at an clevator angle
of =10,

The pressurce distribution at wing station 12 with and
without the bump is shown in figure 1lo. With the bump, the
critical Mnch number of the lower surfacc is approximately
0.65, whiic that of thc upper surface is approximately 0,68.
Reducing the size of the bump to mecet the original specifi-
cetions would probably reduvcc the beneficinl effects. The
broiken lines in the pressuro-dietribution diagroms indicate
the epproximete position of the compression shock. The exact
posltion is not known, duc %o the smalil number of prossure
orifices. The critical Mach numbers of the wing at these
stations arc shown in figurc 17.

Pitching-momont coefficient duc %o auxiliary control
flaps.- Becnuse of the large dccreascs in the pitching-moment
coefficicnt at high Mach numbers with the elcvator fixed, the
upward elcevetor ongle rcouired to balance the airplanc may
become very large ond the pull on the stick excessive. The
usc of auxilisry control fiaps is n proven method of rcducing
the elevator anglc ond the stick force on scverel high-specd
cirplenes.  (Scc refercnee 7 for performnnce of auxilinry
control fleps on another sirplrone modcl.,) Auxiliary control
Tlaps, therefore, were tested on the model.

The increments of pitching-moment coefficient due to the
net effect of the auxiliary control flaps, and to their
separate effects cn the tail plane and on the wing, are shown
in figure 18. The greater part of the increase of pitching-
moment coefficient is due to the decrease in angle of attack
to maintain a constant 1ift coefficlient after deflecting the




fleps. A small part is due to the increase in the downwash
from the inboard wing section caused by the flaps. .The effect
of the flaps on the wing is to decrease the pitching moment in
practically all cases showm. This effect is provably due %o
the rearwerd locatlion of the fleps on the wing, thils position
on the airplane being dictated only by structural reasons.

A comparicon of figures 12 and 19 indicates thet deflecting
the auxiliary control fle ps will keep the airplane statically
stable for 0.05 Mach number h;gher between O and 0.15 lZ%L.
In addition, the net effect of the flaps is o increase the
piltching-moment coefficient throughout the Mach number. range
(fig. 18). This characheristic reduces the upward eleve .o
angle reouvired for balance. The uCJa, however, show that in
most cases this desirable effect of the flavns ‘s dlminluhlnv
between 0.75 and 0.8 lach number. It is possible that this
frend may continue and the flaps mary be useless or detrimental
at somewhat higher Mach numbers. Bocause of thelr decreasing
effectiveness at high Hach numbers, the flaps are pernaps a
less desirable means of relieving the 1onc1tud1nal—control
difficulties of the airplane than is the wing bump.

[®

Elevator Hinge-loment Coefficient

Elevetor hinge-moment coefficient with 0° tab engle.-
The elevator hinge-moment coefricient as & function of ele-

vator angle, Mach nurber, and \2CT is shown in figure 20.
The nresentation of thesé data is in "carpet" form. The axes
of the curves showings the data at a constant lach number are

stagrered propo:rtiona'I to their respective iach numbers.
Dazshed lines are drawn to connect the hinge-moment ccef-
ficients for constant elevator angles.

EOU&tWOL {(2) of the aprendix shows theot the quantity
(a8e/aM)i 2CL, Che=0 must be negative in order for the stick-

froe stabl 11tv to b cater thon the sticlk-fixed. This
cuantity is negetive he high Iloch numbers, as indicated
by the nﬁ"ﬁt1VL glopes of the curves for constmnt eilevator
angle {(fiz. 20). This negative quantity also indicates that
stick=free stability will e maintained %to a higher lech
number thon stick-fixed stability.

()
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Tab effectivensss.- The effect'veness of the tab in
changing the elevator hince moment is shown in figure 21,
The coffcctiveness increascs slightly with elev rator angle from
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-5° to 5° and, in general, decreases slightly with Mach
number. These variations in the effcctiveness, however, are
go small as to be unimportant. The predicted control forces,
Giscussed in a later section, indicate that the tab is suf-
ficiently effective to trim the airplanc up to at least 0.8
Mach number, the 1limit of the tests.

Elevatdr bolrnce pressure.— The coefficients of the
pressures ecting on the belance seal are shown in figure 22,
A leak 2% the inboard end of the seal on the left half of the
elevator, discovered at the conclusion of the tests, caused
the absolute magnitude of the pressure coefficient at negative
elevator angles to be less at the inboard station. This leak
will tend to cause the calculated stick forces to be larger
than experienced by the airplane. However, it should have no
effect on the pitching-momont coefficient, and little effect
- on the speed at which the stick-force variation becomes
unstable.

Elevator Angle and Stick Force

Elevator angle and stick force as a function of velocity.-
The elevator angle and computed stick force are shown as a
function of velocity for several wing loadings and center-of-
cravity positions in figure 23. The effect of the bump on
the control force and angle is shown in figure 24, and the
effect of the suxiliary control flaps is shown in figure 25.
The date are shown for sea-level and 20,000 foet altitudes.
Conclusions with respect to stability characteristics similar
to these made in discussing the pitching-moment coefficients
can be derived from these data. (The increases in the ele-
vator angle and in the push recuired on the stick with
incrensing speod indicate stick-fixed and stick-frec stability,
respectively.) Figure 23 shows that an increase in wing
loading or a forward movement of the center of gravity
increases both the stick-fixed and stick-frec stability. The
results indicate that the airplane will become unstable,
stick fixed, above spprovimately 530 miles per hour al sea
level and LE0 miles per hour at 20,000 feet altitude (approx.
0.7 lach number in both cases). The predicted effect of the
bump (fig. 24) is to maintain stick-fixed stabllity through-
out the speed renge of the tests at sea lcvel and up to 530
miles per hour at 20,000 Teet altitude. A deflection of the
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~flaps gives a large increase in the elevator angle and in the

puod reauired on the stick at all speeds (fig. 2¢) The data
indicate that the airplane will remain stable, stick fixed,
to a higher speed with the flaps deflected than with the
flaps up.

Figures 26 and 27 show the effect of tab ancle on the
stick force for the normal and the wing~bump configurations.
These data indicate that the tab is capable of tr¢mu1n4 the
airplane up to speeds corresponding to 0.& Mach number, the
limit of the tests (apvorox. 610 mph at sea level and 570 mph
at 20,000 ft altitude). The data also indicate that stick-
free instablility will occur at spproximately 570 miles per
hour at sea level and 530 miles per hour at 20,000 feet
altitude. :

Stick-force gradient.~ The stick-force gradient as a
function of geometric overhang is shown for the normal center-
of-gravity locatioq in figure 2&. The gradient is higher
than that recommended in reference & for a limit load factor
of 4 (33 ib per g) even with a geometric overhang of L5
percent, However, with the center of yraV1ty at its farthest
aft position and for a geometric overhang of 40.5 percent,
the gradient is very small except at the hicghest speed
(fig. 29). It is possible that if the elevator seal had not
1eaged, the predicted stick-force gradient, although perhaps

satisfactory for the normal location of the center of gravity,-

might have indicated overbalance at the furthest aft position.

: Lift and Drag Characteristics

Lift coefficient.- The lift-coasfficient data are pre-
sented as a carpet plot in figure oO The data show that the
1ift coefficient at constant anzle of attack decreases above
about 0.69 Mach number for level- flicht con01tlons (Lift
00°fficients up to approximately 0.3 at O. o9 Mach number).
This Mach number is O. 05 higher than the critical Mach number
of the wing (figz. 17). The lerge decrease in oCp/da  at
supercritical Macn numbers is one factor ceusing the increase
in angle of attack with Mach number necessary to maintain a
constent 1ift coefficient. Another factor is the increase in
the angle of zero 1lift indicated in the figure. These
factors arve largely responsible for the decrease in pitching-
moment coefficient.
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Dreg coefficient.- The drag coefficient for the complete
model is presented ag a function ol 1ift coef;icient in
figure 31, and 2s o function of linch number in figure 32, The
incrense of drng coeificient with Iloch na:%er Ior tihic lotwrer
1ift ccefficients begins ot 0,0 lisch nunber. The drog
coefficient ot the lower 1ift coefficients is opproximately
55 wercent greoser ot 0.72 (the airmicne is pleoearded ot 0.72
ilach number) thon =t the Lower lincii numbers

The drgag coefficient Tor the vwing clone (fig. 3%) was
obtained frou tests of the wing *"ith a thin sting replocing
the Tuselage., A couparigon of figures 32 ond 3% ghows tie
drog coefricient of the wing (including the sting) to be about
55 peﬁcent of the %otal drog of the low llach numbers nnd
sporoxinately 70 percent ot 0,72 liachh nuaber,

The increuents of 5 Le: or the couponent
parts of the model are shcyn in figur . The datn indicete
thiet the fuselnge drag decrenses ot the high llsch nunbers,
This is propably due to the fact thict the ﬁ“ng of that Dot of
the wingz covered by the fuscloge woe elizincted tmen the--
fuselage was in place, MNo consisicitt dreg coefiiclent was
obtoined for the wing buriz below C.55 liach number, The drng
coefTicient obtained was of such o sgurll mognitude thot it

e assukned to be zero,

The increunent of drag coefficient due to tie ouxilicry
COQu“Ol flrps is shovm in figure 35. Tae increment from tlhe
30 Tlops is apnroxinotely the safic as for the fuselage ond
ebout one-half the increment fronm the U50 flaps., The gone°al
tendency is for the increment of drag coefficient from the
Tlops to decrease at high iloch numbers. This nay be due to
the following feoctors:

R

1. A reduction in the over-2ll dreg coused by the angle—
C""l

of—nttnock decrense neccssary in acintsining a
congstamt 1ift coefficient afver deflecting the
Tlons.

2. An increosc in e oriticol lmch number of the loier
gurfrce of the vinr cecouse of the increase in

A
¥ L
the penit prescurc couscd ©y the flops,

3. The seporation of the flow over the iring (partly
;espon31ble Tor the drag increment of the fl‘
at lovw ilach numbers) o% supercritical llach
nusbers even in the cbscnee of the flrps,
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*liding veloclity.—- The velocity, time to descend, and
=eh numbor for the airplane at severel glide angles
(fig. 36) have been computed for zero propeller thrust. How-
ever, the difference duve to the prowneller at the larger. glide
angles should be smell because the nropeller efficiency
b’ omes smaller at high ilach numbers, and the thrust is small

compared with the weight component Jn the thrust direction.
For example, for an airplanc wcight of 25,000 pounds, the
thrust at normal ra ted DOWET would De only 14 Dercent of the
weight component a 200 glide (ass suming a bropuls ve
efficiency of 80 percent 2% 0.7 ¥ach number and 10,000 ft
altitude)}.

The maximum velccity and Mech number predicted for the
seversl gliding angles in figure 36, together with those from
similar date for other configuratloas, are shown 1in figures
37 and 38, The altitudes a2t which the maximum velocity and
Mach number are reached are also shown. These figures show
that the flaps could be used as dive brseskes in addition to
their function of increasing the 1ift coefficient at balance.
The 30° and URC flaps reduce the maximum predicted velocity
by 20 and 40 miles per hour, fesnectively. The maximum Mach
nuﬂber is reduced by 0.025 and O.OL Comparing airnlane

wolghts of 25,000 =né 35,000 pound , the maximum velocity
for the heavier load is between 20 and 30 miles per hour
higher, and the maxinum Mech number between 0.025 and
0.030 larger (depending on the gliding angle). The data
indiceate that the bump has no ¢ cht on the maxlmum veloclity
or Kach number cxcept at the higher gliding aengles.

(YO r—

Alleron Charecteristi

Q
€3}

Rolline-moment and hinge-momend efficients.- The
alleron rolling-moment and hinge—morunt cocfficients are
shown .in figure 39. The date show thet the alleron effec-
tiveness (0C1/88s) decreases at the larger ailcron angles.
The negative rolling-moment coefficient is slightly smaller
than that shown by other dats Tor epproximately the same size
aileron (refecrence 9). This may be due to the low-dreg wing
scction used on the airplane.

Ancle and whecl force.- The aileron engle and wheel
forces os functions of pb/2V, the helix ang ‘le of the path of
the wing tip, are shown in fl ure 40. The date show that the
increase in ob/EV with aileron anzle is smeller at the
higher angles. The data alSO indicnte thet the ailcron was
not powerful enough at the maximum angle tested, as the Army
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Air Forces SOSClllC‘tlonS (reference &) require a pb/2V
of 2t leecst C.07. It is possible, hovever, that decreaslng
pb/2V Dby 20 percent (see Reduction of Dota) wns to0

conservative, and that the alleron 1s slightly wmore powerful
then indicated.

The predicteld vheel force is excessive at sea level,
(Reference & specifies 80 1b as the noxinun wheel force for
o pb/2V equel to 0.07.,) Although the force should be
szeller on the airplane duc to the larger balance area, it
noy still be greater than the desired 1imit. This large
wheel Torce, together with the 4 creosin » effectiveness of

the aileron ot large 2o
control-gsurface deflec
po/ev,

de
eg, restricts the use of larger
ns cesaary to obtain the required

The more imoerta

ont vrelictions and conclusione nnde fron
the annliyeis of the Gatn from the tests of o nidving airplnone
mocel are =28 Tollote:

)

1. The airnlane =ill De ungicble sticik fixed chbove O.7
linch nucber (530 mph at ses level to UE0 wmph ot 22,000 f
vLtitude),

2. A ving-prcfile modificoation (ecrlled o wing bump) on
tiie lower surfoce wmelintains stick-Tixed stonility to o ioch
nusiber og much ag 0,075 higher., 3Belowr 0.7 :ilach nunber tnc
ring bunp had no noticeable cifect on tie acrodynomic cl

acterisgtics of the nodel.

3. Auxilicry control flops incerecse the lloch number at
*mich SthL—;lYOd instanility occurs Dy opproximately 0,05,
Hovever, the effectivenecsg of the ©lcops decrcases between C,75
and C,80 lach nuzbder. e therefore o less desirable
neans of irtrov1nw the A ilingl control ot high iiach

i s N tihe wing ¥ J;p

F

The dotn indicate taat the oo will tri; the airplone
up to sgpeeds corrouboaulrﬂ o 0.5 Hach number, the 1linit of b

T
tests (rnpprox., 610 mph nt sea level and 570 moh at 20,000 £+4
altitude),
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5. Stic frmc st bllltv is nointoined to a higher speced

5, The dota indicate that the aileron is not as effective
as desircble, and that th wneel foloe ig higher than
recommended by U,S, arny specificat

onauticel Laboratory,
tional Advisory Comzittee for acronautics,
Uoffett Field, Calif.,




APPENDIX

Stick-Fixed Stability Considering Mach Number
1n Addition to Lift Coefficient

The general relation for the pitching-moment coefficient

is
Cm = £(CL) + £(5¢) + £(i)
or
oC ge) Cu
acy = aop + /S gse + (L) au
éc [ by “‘688 F 61"1'
Oe,u CL,m CL,Se

The subscripts to each derivative indicate the variables
which are held constant.

For stick-fixed stability
d.ge = O

For en airplane in steady flight at a constant altitude
and wing loading, and with the temperature remaining constant,

M3CI, = wing loading

t0 a®

= constant

therefore
i (w ing inz -
4oy, = - Y (wing loading) ail
213
p a”™ i
and
oC, L{wing loading) oC
ac 3—) am + ~ng -08cing (- m) aM
n 70,86 p a3 OCL 5



+ 4luing looding)/ ?Cm (1)
p oC

The samo relation betweon llach auwsber and 1ift coeffi-
cient will hold as bofore, but Tor siiclk-frec stablility &g
ill not ocn'al zoro, Howcver, aCy . i1l equeal zero,
Tl:ﬂrmorc ©

& B [’wing loading (_ éCm\/ +(<‘>er> —!
-.} ’:c " - ; 9]} qz 113 \G i 14 - E.I'- i
a MBCL;C‘QQ=O - sl °~L 8,1 ot Ls8¢ -

T /7am " 7

(%) T (e |

NS L g ail s, !

C Cp,,l gt uL,uhO—O”
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(Su = (&) Te T (2
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—
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Figure l.~ The complete 0.175-scale model of the airplane in the

16=foot wind tunnel.

Figure 2.~ The 0.175-8cale model of the airplane with the
empennage removed.
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Figure 3.« The empennage of the 0.175-3cale model of the airplane.
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Figure 4.~ The 0.175-soale model of the airplane mounted on the
. tip supports and three struts.

Figure 5.- The 46° auxiliary control flaps on the 0.175e-s0ale
model of the airplane.
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FIGURE 3I.—THE DRAG COEFFICIENT AS A

FUNCTION OF LIFT COEFFICIENT FOR THE
MODEL..



/8

/6

/4

7 4

JO

.08

.04

-4

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS

FIGURE 32~ THE DRAG COEFFICIENT IN RE-
LATION TO MNMACH NUMBER FOR THE COMPLETE
MOOE L.,



/4

/0O

- .08

.06

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS

FIGURE 33— THE DRAG COEFFICIENT IN RE-
LATION TO MACH NUMBER FOR THE WING OF
THE MOOELL.



oI5

.00
AaG,

.005]

O/

.0/0
ac,

003

FUSELAGE & --—

-~

OIS

.0/0
AQ¢C,

.00

‘\%_ = \ \
T
3 * 5 € 7 2
~
EMPENNAGE

ENMPENNVAGE FOR WING-Bunr e
CONFIGURAT 10N /

Winve Buousre

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 34.— THE INCREMENT OF DRAG COEEFICIENT
DUVE T0O ¢ OMIPOMENT PARTS OF THE MODEL.



O/F

Neolls}
ACD

» 30°AUXILIARY CoNTROL FLARS

NN

-OL0

NaT2
a Co :

O/0

= T e A ~—
:——-'-—--_ —=
3 < =) 6 7 8
N

30° Auxreiary ConTmROL Fials
ENPENNAGE-OFF CONFIG URATION

FIGUurRE 35.—

___.—--——'——_———:/—:/\ N
i S \\-
3 4 -4 ) 4 8
~

95 ° AuxILIARY CONTROL FLAPS
ErPENNAGE ~-OFF CONFIGURATION

NATIONAL ADVISORY
COMMI TTEE FOR AERONAUTICS

O ————
2 ———--

4 ——
6 - —-

THE INCREMENT OF DRAG

COEFFICIENT DUE TO AUX/ILIARY CONTROL FLAPS
ON THE MOOEL.



USNSHL IV 1IAOYs ONFZ ‘ONvI0’79 IV TSIV FHL NOS

ONIOS3IT OL I/t OGNV 'IFGNNN HIVLy 'ALIDOITIA Ik —9E NSy

IIATT LITS SO SONVSNOML - FCQrIL 1LY ,
vFs t & 4 9/ o b s * o
J1LNVNONIY H0J 33LLINNGD
4 AHOS 1AQY TYNOILYN . ———m Iy ooe
\\\l}\\/
Oh.m,/_
:
M
Oow_,.A.
~
]
o
A
A
osr !
D
b
/ / oos
— — - — pd \\\\ /
\\ — \\ \\
——
T = A t —————-
T == = e n.%.m: S
— I"",\H\l\ﬂ\\ 0O oas
e ———— = - 90\
T FrIoNMY ICI17O

= OW

Y Q
ONIFOSI(T OL TFM/iY

A 3

9

SITILNANIW



/3\/85MAL CONFIGURATION

- AUX/LIARY CONTROL FLARS

—— ——— 45° AUXILIARY CONTROL FLARPS [ 735000 ca. we/isHT
—_——— WING BUMNMP

—————— NORAMAL CONFIGURATION, 35000 LB. weicHT

600
2000 FT.
ALTITUDE 4000 FT 7
- 6,000 FT- -
550
I s00 L7 8,000 FT,
Q /
2 / /
| A,
. / // '— 6000 FI:
’: 450 //
g SEA LEVEL —»/ // 4000 FTC
» /
b 2000 FT. ,/
NATIONAL ADVISORY
400 / COMMITTEE FOR AERONAUTICS
Iy 6000 F7.-/—
d
¢
'\ /g OO0 FT .
350
NAXIMUM VELOCITY A7 RESPECTIVE
GLIDE ANGLE REACHED AT ALTITUDE
INDICATED ON CURVE
300
o° S 70°* /5° 20° _25* 30°

ANGLE oF GLiDE

FIGURE 3T-THE MAXIMUM VELOCITY OBTAINED
8y THE AIRPLANE IN RELATION TO THE ANGLE
OF GLIDE. ZERO PROPELLER THRUST:



/\/OoRMAL CONFIGURAT /ION
— e ———— 30° AUXILIARY CONTROL FLAPS

AB4

35 AUXILIARY cONTROL siams [ <5000 LB
—_— —— — \WING BUNMP WE/IGHT
______ — NORMAL CONFIGURATION, 35000 LB. WEIGHT
ALTITUDE
8 LeLLTLRE /12,000 F7°
’ 6000 AT /
8000 F77 -
/G000 FT. - - }
7 =
™ /g000 F7r —!
. . 8000 FT. —
.6 \//
/2,000 FT. /
/5000 FT— 7
) / 2(
5 _
17000 FT NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
4
Maxinivar NMACH NUMBER AT
RESPECTIVE GLIDE ANGLE OBTA/NED
AT ALTITUDE INDICATED ON CURVE
.3

o° 5 70° /15 20° 285 30°
ANnGLE OF GuLiDE

FI6URE 38-~THE MAXIMUM MACH NUMBER
OBTAINED By THE AIRPLANE IN RELAT/ION 7O
s THE ANGLE OF GLIOE. ZERO PROPELLER THRUST.



Chq C/"a
0 SO
\\ ' -
~
™ _ \\\
~
-/6° -iR* -8° -4° 16" /& -2 -8° >~ /6°
Sa Sa \\\
\
G C2
o4 04
///
/
~/6° RS 16 16" «IR" - fo) 4° 8° e sé°
- =
5a - sa
hO4 =04
X =-4° xX= 4°
M
0.30 NATIONAL ADVISORY
— — 0.60 COMMITTEE FOR AERONAUTICS
— = 0.7%

FIGURE 39.—-7THE EFFECT oF MAcH NUMBER
ON THE AILERON HINGE-MOMENT AND ROLLING-
MOMENT COEFFICIENTS FOR THE MODEL. LEFT
AILERON ONLY.



458

WHEE L
LB

343

TANGENTIAL
ForcEe -~

o7

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS

/e

8 458

Q

, R

4

U]

2 343

< s

5P/

b4

0

e

3 4

=+ 28

< 9

°s o7 CF] o3 o4 05 .73 o

pb
RY

(@l SEA LEVEL
FIcURE 40.~THE AILERON CONTROL CHARACTER-
ISTICS OF THE AIRPLAMNE.



u
iy
3 g 200
M Visi
' 531 425
Ay
2y 700
Iy ¢ 319
&0
2
’: 212
o}
o] o/ a2 o3 O4q o5 e 2} o7
P 3%
/6
VMPH
) 425
4
Q e
1
§ 3/9
2
< s 53¢
3
X NATIONAL ADVISORY
W 212 COMMITTEE FOR AERONAUTICS
4 4
<
O'O o/ o2 03 04 oS5 o6 o7
pbd
2V

(6) 20,000-F7T. ALTITUDE
FIeuRE <4O.—(CONCLUDED) THE AILERON cON-
TROL CHARACTERISTICS OF THE AIRPLANE,




